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Introduction. 

Due  to  the  presence  of  a  charged  body,  the  dielectric 
surrounding  it  is  subjected  to  a  strain  by  the  electrostatic  field 
set  up.    As  this  strain  increases  by  increasing  the  charge  a  value 
of  intensity  is  reached  where  the  medium  immediately  surrounding 
breaks  down  and  ceases  to  be  an  insulator.    This  region  is  now  a 
conductor  and  increases  in  diameter  until  the  strain  upon  the  rest 
of  the  medium  is  below  the  maximum  value.     In  the  dark  this  region 
near  the  conductor  glows  and  instruments  show  that  a  loss  of  energy 
takes  place.     This  phenomena  is  known  as  corona,  and  the  attendant 
loss  as  corona  loss. 

The  maximum  potential  per  centimeter  length  to  which  a 
dielectric  may  be  strained  before  this  corona  appears  is  defined  as 
the  maximum  potential  gradient.    Based  upa>n  experiments  made  with 
direct  current  at  rather  low  voltages  scientists  have  concluded  thai 
the  maximum  potential  gradient  which  air  can  sustain  is  30,000  volts 
per  centimeter. 

It  is  the  principal  purpose  of  this  thesis  to  determine 
the  maximum  value  of  the  potential  gradient  for  air  by  means  of  al- 
ternating currents  at  high  voltages.     The  major  portion  of  the  ex- 
perimental work  was  done  by  subjecting  the  air  between  two  equal 
spheres  separated  by  various  distances  to  high  potential  differ- 
ences,   A  small  amount  of  work  was  done  for  checking  purposes  with 
needles  instead  of  spheres. 
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Description  of  Apparatus, 

The  apparatus  used  to  produce  the  high  potentials 
necessary  for  this  investigation  was  a  special  testing  transformer 
of  the  following  rating  manufactured  by  the  General  Electric  Company, 

Capacity:     100  K.  W.  at  60  cycles. 

Voltage:       500  -  1000  -  200,000  volts. 

Currents:      50  -  .5  amperes. 

Ratio  of  windings  as  used:     400  -  1. 

A  cut  of  the  transformer  is  shown  in  Pig, I  and  Figs.  II 
and  III    show  the  wiring  circuits.    As  shown  in  Fig,  iv  two  switch 
boards  were  provided,  the  one  on  the  right  near  the  transformer  con- 
taining the  low  tension  grouping  switches  and  the  high  tension  in- 
strument taps,  and  the  one  on  the  left  carrying  the  control  switches 
and  meters, 

T©  limit  the  short  circuit  current  glass  tubes  filled 
with  water  were  used  as  resistances.  Each  tube  was  four  feet  long 
with  one  half  inch  bore.  The  resistance  per  tube  was  regulated  by 
adding  sulphuric  acid  and  was  practically  1000,000  ohms  per  tube. 
Since  the  energy  to  be  dissapated  in  each  tube  was  considerable,  care 
had  to  be  taken  not  to  allow  the  current  to  flow  for  any  length  of 
time. 

T©  prevent  high  frequency  traveling  waves  penetrating 
into  the  transformer  two  choke  coils  were  inserted  into  the  second- 
ary circuit.    Each  of  these  consisted  of  two  spools  8"  x  16"  wound 
with  forty  turns  of  number  fourteen  wire. 

A  picture  of  the  spark  gap  apparatus  proper  is  shown  in 
Fig.  V,     It  consisted  of  two  wooden  strips  suspended  from  two  heavy 


copper  rods  held  by  strings  of  four  high  tension  disk  insulators. 
The  wooden  strips  were  held  parallel  and  rigid  by  two  glass  rods, 
Midway  between  the  glass  rods  two  brass  rods  3/8"  in  diameter 
working  in  metal  bearings  were  placed.     These  rods  were  threaded 
in  order  to  hold  the  brass  spheres  used  for  tke  tests.     By  sliding 
the  rods  in  or  out  the  various  distances  desired  could  be  obtained 
and  measured  by  calipering. 

The  primary  e.m.f.  was  obtained  from  each  of  the  following 

machines. 

45  K.W.  set:  consisting  of  a  Westinghouse  two  phase,  440 
volt,  45  K.W.  60  cycle  generator  set  belted  to  a  Westinghouse  45  K. 
W. ,  220  volt  direct  current  motor. 

85  K.W.  set:  consisting  of  a  Westinghouse,  two  phase,  440 
volt,  85  K.W.  60  cycle  generator  direct  connected  to  a  Westinghouse 
85  K.W.  220  volt  direct  current  motor, 

A  smooth  core  alternator  manufactured  by  the  Thomson 
Houston  Company,  rated  at  1100  volts  at  1500  R,P.M.  driven  by  a 
15  H.P.  Edison  Bipolar  motor. 
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General  Theory. 

The  potential  gradient  may  be  defined  as  the  rate  of 

charge  of  the  electromotive  force  between  two  terminals  with  respect 

to  the  distance,  or  if  "f"  represents  the  potential  gradient 

V  -  the  electromotive  force  or  effective  e.ra.f, 

X  m  the  distance  between  any  two  terminals. 

Then       f  -  -dv 
dx 

To  derive  a  formula  for  the  maximum  potential  gradient 
of  air  at  any  point  between  two  spheres  at  any  distance  apart,  the 
following  theory  of  electrostatics  will  be  used.     For  a  more  accu- 
rate derivation  the  system  of  successive  images  as  given  in  Maxwell" 
"Electricity  and  Magnetism",  volume  1,  chap.  XI,  should  be  used  but 
this  would  result  in  a  formula  too  complicated  to  be  of  use,  so  the 
approximate  method  given  below  is  employed  and  will  answer  for  all 
practical  purposes. 


Fig.  X. 

Let  A  and  B  in  Fig.  X  represent  any  two  spheres  at  any 
distance  apart,  charged  respectively  with  charges  Q  and  -Q,  As- 
sume these  to  be  point  charges  at  the  centers  o  and  o*  respectively. 

Prom  each  sphere  there  is  a  flux 
$  =  4itQ. 

Since  f  =547rq,  where =  sum  of  the  charges  enclosed. 
Let  R  be  the  electric  field  intensity. 
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Then  R    =  47rQ  Q 

area  Itrfr^ 


At  any  distance  x  from  a  charge  Q 

In  the  following  discussion  the  charges  are  assumed  to 
be  concentrated  at  the  centers  of  the  spheres;  primed  letters  refer 
to  sphere  A  and  double  primed  to  B, 

Then  R*  =       where  R'  Is  due  to  charge  on  A  and  x  is 
distance  shown  in  Fig.  X. 

Since  by  definition  the  potential  of  a  point  is  equal 
to  the  work  done  in  bringing  a  unit  charge  from  infinity  to  that 
point 


-J 


Rdx  for  air. 


X^  X 


f  *r  -dv    z  g    =  R* 
dx  x^ 
Similarly    R* •=  -Q         =  f *  * 

f  ^  f*  -t  f"  numerically  for  points  on  the  axis. 


and 


•dv 
dx 


Therefore      V  s  Q 


[x  '  TDTTrj    r  Q  [_!_  -1-1  ^  i1 

[p-r      r    r  D-rJ 


Q  = 


Z  2Qri__  -  1 
[p-r 


V 

[■^  - 1) 

*D-r  r' 


Substituting  value  of  Q  in  equation  for  f 


f  r 


f  is  a  maximuin  at  the  surface  of  the  spheres  when 
the  corona  ball  is  of  the  same  diameter  as  the  spheres  themselves 
or  X  «  r 


*.  f  =  V  r(D>r)2  -  r^l 
2  Lr(2r-D)(D-r)J 


But    2r-D  r  -X 


.*  .  f  =  -J[  r(D-r)2  -  r2l 
2X  |_    r(D-r)  J 


Since  X  in  this  formula  is  the  distance  between  the 
corona  balls, it  becomes  necessary  to  find  the  diameter  of  these 
balls. 

Just  before  corona  appears,  it  is  evident  that  the 
corona  ball  and  sphere  must  be  of  the  same  diameter  since  imme- 
diately after  corona  is  visible  the  corona  ball  is  larger,  so  the 
problem  is  reduced  to  finding  the  distance  apart  when  corona  first 
appears  at  a  given  voltage.    As  this  distance  is  very  difficult 
to  determine  accurately  a  graphical  method  of  finding  it  is  devel- 
oped. 

Up  to  a  certain  length  of  gap  between  surfaces  of  any 
kind,  the  corona  and  breakdown  occurs  without  visible  corona.  Be- 
yond this  point  which  will  be  called  the  "critical  point",  corona 
will  first  appear  and  then  if  the  voltage  is  increased,  breakdown 
will  occur  at  a  higher  voltage  depending  upon  the  length  of  the 
gap. 

It  was  found  experimentally  that  the  curve  of  criti- 
cal distance  and  corona  voltage  followed  a  smooth  curve  that 
approximates  a  parabolic  law  while  the  breakdown  voltage  curves 
varied  in  a  straight  line  for  several  thousand  volts  after  the 
critical  point  had  been  passed.     If  this  straight  line  is  produced 


to  intersect  the  corona  curve,  the  point  of  intersection  will  gi 


the  distance  and  voltage  at  which  corona  first  appear,  and  these 
values  are  used  in  calculating  the  maximum  potential  gradient. 

Mr.  Geo.  R.  Dean  of  the  University  of  Missouri  has  de- 
duced a  formula  for  the  potential  gradient  using  point  charges.  » 

By  means  of  trigonometry  he  has  expressed  the  gradient 


where  x  r  length  of  spark  gap. 
ps  radius  of  curvature 
V  z  effective  potential  difference. 
The  maximum  difference  between  the  values  of  the  gra 
dient  computed  by  this  formula  and  those  computed  by  Russell's 
thod  is  about  one  half  of  one  percent  and  occurs  where  x  r  1.5, 


"x"  being  the  length  of  gap  and  "a"  the  radius  of  curvature.  « 

Table  #10  shows  the  potential  gradients  as  calculated  by 
the  three  different  methods  and  the  per  cent  difference  as  derived 
from  the  following  formulas. 


as 


a 


s  Formula. 


«    General  Electric  Review  -  March  1913, 
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Discussion  of  Data  and  Results, 
Article  I. 

The  results  tabulated  are  the  averages  of  two  or  more  read- 
ings for  each  value  of  X  in  the  tests.    As  a  means  of  checking  these 
results  several  tests  were  made  using  needle  points  in  place  of 
spheres.     Sharp  No.  1  needles  were  used.     In  Plate  I  the  points  on 
the  curve  obtained  by  using  the  45  K.W.  set  were  plotted  with  Peek's 
and  the  American  Institute  of  Electrical  Engineers  curves.    *  Mr, 
Peek  has  straight  lines  which  intersect  at  35,000  volts  and  5  cm, 
distance,  the  American  Institute  of  Electrical  Engineers*  gives  a 
curved  line  starting  at  zero, and  while  the  data  obtained  in  the 
tests  using  the  45  K.W.  set  gives  a  line  with  a  reverse  curve  in  it. 
Thinking  that  perhaps  the  wave  shape  of  this  set  was  such  that  res- 
onance occurred,  which  would  affect  the  results,  two  other  machines 
one  an  85  K.W.  set  and  a  smooth  core    generator  were  also  used  and 
data  obtained.    This  data  is  given  in  table  #1  and  plotted  in  Plate 
II. 

The  wave  shapes  of  each  of  the  machines  can  be  seen  by  re- 
ferring to  fig.  VI.  which  gives  the  oscilliograms  taken  from  each. 

Referring  to  Plate  III,,  it  will  be  seen  that  the  results 
obtained  using  the  smooth  core  machine  which  has  practically  a  sine 
wave,  when  plotted  gave  a  curve  which  nearly  coincides  with  that  of 

«      General  Electric  Review  -  March  1913. 

Proceedings  of  the  American  Institute  of  Electrical  Engineers  - 

Vol,  XXX. 
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the  American  Institute  of  Electrical  Engineers  but  even  at  the  best 
does  not  follow  it  closely. 

The  85  K.W.  and  45  K.W.  sets  have  very  nearly  the  same 
wave  shape  as  can  be  seen  by  referring  to  Fig,  VI.  and  the  curves 
for  both  the  needle  gaps  are  practically  the  same,  the  ordinates  of 
the  85  K.W.  one  being  a  trifle  higher. 

These  results  lead  to  the  conclusion  that  the  wave  shape 
of  the  machine  has  an  effect  upon  the  striking  distance  between  the 
needle  points  which  proves  that  the  needle  gap  voltmeter  oould  not 
be  depended  upon  to  give  accurate  results.  From  the  curves  (Fig.  VI*! 
it  is  seen  that  for  the  same  effective  voltage  the  smooth  core  ma- 
chine had  a  lower  maximum  than  the  other  machines  and  from  Plate  I 
it  was  found  to  take  a  higher  voltage  (effective)  to  strike  between 
needle  points  with  the  smooth  core  machine.     This  then  indicates 
that  breakdown  occured  at  the  same  maximxim  value  of  voltage  for  each 
machine, and  this  conforms  with  the  opinions  of  Dr,  Steinmetz. 

From  zero  to  30  Kilovolts  and  around  95  Kilovolts  it  will 
be  found  that  all  of  the  curves  with  the  exception  of  Peek's  con- 
verge and  tend  to  coincide,  but  these  are  the  only  places. 

In  table  #2  the  results  of  an  investigation  of  the  effect 
of  size  and  shape  of  terminals  on  the  breakdown  voltage  of  the  needl  ! 
gap  are  tabulated.     It  was  found  that  placing  conducting  material, 
such  as  balls  of  tinfoil  back  of  the  needles  points  made  no  differ- 
ence in  the  breakdown  voltage,  but  that  the  length  of  needle  pro- 
truding beyond  the  holder  did  have  an  effect,  raising  the  voltage 
necessary  for  breakdown. 
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Table  #1. 

For  Meedle  Points. 
Temp,   27  G.  Bel,  Hnraidity  56-53^. 

Notes 


X 

Breakdown 

Voltages 

Smooth  Core 

85  K.W. 

45  K.\7. 

cm. 

M, 

M, 

EV. 

4 

30.5 

30.0 

28.0 

8 

53.5 

51.5 

49.5 

10 

58.0 

12 

71.3 

69.0 

66.5 

14 

72.5 

16 

80.5 

78.0 

77.5 

18 

81.0 

20 

88.5 

89.0 

89.0 

22 

92.0 

S4 

97.5 

98.0 

26 

99.0 

109.0 

109.0 

30 

108.0 

32 

120.0 

112.0 

34 

119.0 

36 

131.0 

124.0 

38 

128.0 

40 

140.5 

135.0 

42 

139.0 

44 

152.0 

146.0 

46 

152,0 

48 

164.0 

151.0 

50 

155.0 

86.0  after  breaking 
95.0  after  breaking 
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Table  #S. 

EPFECT  OF  TERMINALS  UPON  NEEDLE  GAP. 
Temp,  27  C.  Helstive  Humidity  56-53^^ 

X  Breakdown  Notes 

cm,  KV, 

-'-'^  58.0  3  cm,  of  needle  protrTiding, 

"  56.0  1     "       "         "  » 

S^'O  blast  of  air  on  3  cm,  of  needle, 

58.0  point  just  beyond  tinfoil  ball, 

5^  165.0  3  of  needle  protruding. 

"  165.0  4     "       "      "  H 

"  164.0  1     "      "       "  It 

"  165.0  blast  of  air  on  3  cms,  protruding. 

"  165.0  tin  foil  around  rod. 

^"^0.0  point  just  beyond  tinfoil  ball. 

"  165.0  2  ft,  disks  on  rods. 


19 


Article  II. 
1/4"  Spheres. 

The  curves  showing  the  voltage  at  which  corona  and 
breakdown  occur  at  various  lengths  of  gap  for  1/4-  spheres  are  plot-  i 
ted  in  Plates  IV  &  V.    The  breakdown  curve  is  a  straight  line  from 
the  central  point  to  98  kilovolts  at  which  point  a  reverse  curve 
begins.     The  data  for  these  curves  was  easily  obtained  as  Lhe  result* 
were  fairly  consistent  with  no  great  variation.     This  straight  line 
produced  intersects  the  corona  line  at  the  critical  point  of  22.6 
kilovolts  and  2,65  cm.    This  critical  point  was  checked  by  observing 
the  point  at  which  corona  first  appeared  and  was  found  to  occur  when 
the  gap  was  2,65  cms.  in  length  and  22.6  kilovolts. 

Plotting  this  critical  point (Plate  XI)  it  is  found  that 
it  falls  very  nearly  on  the  needle  gap  curve. 
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Table  #3. 
1/4  INCH  SPHERES. 
Temp,     25  C.  Relative  Humidity  50^. 


X 
cms , 

Corona  Appears 
JIV  , 

BreaMown 
I(V, 

Uo1 

±  •  u 

16  .0 

c  u 

20.6 

c  •  O 

22.2 

3.0 

23.2 

3.5 

24.2 

4.0 

24.6 

25.2 

5.0 

25.4 

27.8 

6.0 

26.4 

33.0 

8.0 

27.6 

39.8 

10.0 

29.0 
28.6 

50.0 
50.0 

Polished. 
Not  polished. 

12.0 

29.4 
29.4 

55.0 
55.0 
59.0 

Polished. 
Not  polished, 
V/ith  fan. 

14.0 

30.0 

62.0 

16.0 

30.25 

68.75 

18.0 

31.0 

75.25 

20.0 

31.5 
31.5 

83,0 

83,0 

Polished, 
Not  polished. 

22.0 

32.5 

88.3 

24.0 

32.5 

95.5 

26.0 

32.56 

103.0 

22 


If  Inch  Spheres 
Ctyri/es  Shoa/ing 
Points  of  Coronq  Qnd  breakdown 
Critical  Point 
Obsen^ed:  X.=  ^.bScms       28550  vofts. 
Theoreticah  J<i.-  2.h5cms  El -22 boo  volts 


Full  Line  -  dreQkdoivn 
&iro/(znUnQ  ~  Corona 


Coohd^e  9-  Gates        Moj/  12, 19/5, 


20  30  i/O  SO 

X.-  P/sT(7nce  Betiuetn  Spheres  in  Cms. 


-NEW  yO«K.. 
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Table  #4. 
1/4  INCH  SPHERES. 
Temp,  23  G,  Relative  Humidity  48  ^. 

X  Corona  Appears.  Breakdown. 


cms , 

KV. 

1.0 

15.8 

a.o 

20.8 

5.0 

22.8 

4.0 

24.3 

25.9 

5.0 

25.5 

28.9 

6.0 

26.8 

34.0 

8.0 

28.4 

41.8 

10*0 

29.0 

50.2 

14.0 

31.0 

64.25 

18.0 

32.0 

75.5 

?P  0 

00 « 1. 

E6.0 

33.6 

102.25 

30.0 

34.5 

113.5 

34,0 

35.0 

120.5 

38.0 

35.0 

129.25 

42.0 

36.5 

137.0 

46.0 

37.0 

148.5 

50.0 

38.0 

161.5 

Article  III. 
1/2"  Spheres. 

The  critical  point  for  the  I/2"  spheres  as  found 
graphically  on  Plate  VI.  was  found  to  be  at  39.5  kilovolts  for  a 
spark  gap  of  5.7  cms.     The  observed  critical  point  was  found  to 
be  5.7  cms,  and  40  kilovolts.    Plotting  this  point  on  Plate  XI. 
it  was  found  to  fall  on  the  needle  gap  curve. 

Table  #6  gives  data  for  relative  hximidity  of  56%  and 
4:0%  which  is  plotted  on  Plate  VII,    The  humidity  did  not  effect 
the  sparkover  voltage  until  around  100  kilovolts,  from  which 
point  the  higher  humidity  required  a  higher  voltage  for  spark 
over  as  can  be  seen  from  Plate  VII. 

Mr.  Peek  states  that  humidity  has  no  measured  effect, 
but  this  data  would  tend  to  disapprove  his  statement.  However, 
the  humidity  did  not  affect  the  voltage  at  which  corona  appears. 

The  breakdown  line  is  a  straight  line  up  to  82  kilovolts 
at  which  point  a  reverse  curve  starts  similar  to  the  case  of  the 
1/2"  spheres  but  not  so  marked. 
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IPable  #5. 

l/S  INCH  SPHERES. 
Temp,  26  C.  Relative  Humidity  50  ^, 


Y 
A 

cms. 

2.0 

28.4 

3.0 

32.9 

4.0 

35.75 

5.0 

38.1 

6,0 

40.0 

7.0 

41.2 

8.0 

42.15 

9.0 

43.2 

10.0 

44.2 

51.0 

11.0 

45.0 

54.75 

12.0 

45.5 

56.25 

13.0 

59.5 

14.0 

62.5 

15.0 

65.25 

16.0 

47.4 

68.0 

18.0 

48.5 

74.5 

EO.O 

49.75 

80.75 

22.0 

51.0 

88.0 

24.0 

51.9 

92.5 

E6.0 

52.5 

98.0 
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Table  #6. 


1/2  INCH 

SPHERES . 

X' 

cms, 

Corona  Appears. 
KV. 

Breakdown. 
Relative  Humidity. 

56%  4:0% 

Temperature . 
26  C                      23  C 

2.0 

28.0 

4.0 

35.0 

6.0 

40.5 

6.6 

41.3 

41.3 

7.0 

41.8 

43.5 

8.0 

42.8 

45.0 

10.0 

44.8 

52.0 

14.0 

45.8 

65.1 

15.0 

45.5 

57.3 

16.0 

47.0 

70.0 

20.0 

48.65 

81.25 

24.0 

50.45 

93.0 

93.0 

25.0 

96.0 

28.0 

53.0 

99.25 

100.0 

30.0 

105.0 

32.0 

54,0 

109.75 

107.25 

35.0 

56.3 

121.75 

119.55 

40.0 

55.5 

134.0 

127.75 

44.0 

57.15 

145.25 

140.0 

48.0 

58.0 

158.0 

151.0 

52.0 

163.0 

Article  IV. 
3/4"  Spheres, 

All  the  results  for  the  3/4"  spheres  were  rational  and 
followed  regular  curves  as  can  be  seen  from  Plate  VIII,.     The  crit- 
ical point  occurred  at  9,3  cms.  and  55  kilovolts  which  when  plotted 
on  Plate  XI  fell  on  the  needle  gap  curve.     The  observed  point  was 
at  9.2  cms.  and  56  kilovolts. 

In  the  case  of  these  spheres  when  the  critical  point  is 
reached,  the  breakdown  line  is  not  a  continuous  line  but  has  a  dis- 
continuity at  the  critical  point  and  starts  again  4,000  volts  higher 
up,  and  follows  a  gentle  curve  until  it  becomes  tangent  to  the 
straight  line  which  when  produced  gives  the  critical  point. 

The  reverse  curve  is  present  again  in  this  case  and  starts 
at  about  10,2  kilovolts.     The  humidity  varied  only  from  one  to 
two  percent  during  the  tests  on  these  spheres. 
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Temp,  22  C. 


Table  #7. 
3/4  IITCH  SPHERES. 

Relative  Humidity  48 


z 

cms, 

Corona  Appears. 
KV. 

Breakdown. 
KV. 

2.0 

32.0 

4.0 

43.2 

5.0 

49.0 

8.0 

53.0 

9.0 

54.0 

9.25 

55.5 

56.6 

10.0 

55.2 

12.0 

57.2 

64.5 

13.0 

58.0 

67.0 

14.0 

59.0 

68.55 

15.0 

50.0 

72.5 

18.0 

51.2 

77.0 

20.0 

62.0 

83.0 

24. 0 

28.0 

66.25 

105.0 

30.0 

58.0 

108.0 

32.0 

58.9 

110.0 

35.0 

71.0 

121.25 

40.0 

75.0 

130.0 

44.0 

77.5 

141.5 

48.0 

78.0 

154.6 

Article  V. 
1"  Spheres. 

The  theoretical  critical  point  of  the  one  inch  spheres 
occures  at  14.4  cms.  at  71  kilovolts  which  when  plotted  on  Plate 
XI.  falls  a  little  below  the  needle  gap  curve.     The  observed  value 
was  found  to  be  14.4  cms.  at  71,45  kilovolts. 

The  reverse  curve  is  not  present  in  this  case  but  at  130 
kilovolts  the  breakdown  line  begins  to  curve  gently  upward.  The 
breakdown  line  again  has  a  discontinuity  at  the  critical  point 
and  starts  6,000  volts  higher,  following  the  same  general  shape 
as  in  the  case  of  the  3/4"  spheres. 
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Table  #8. 

HITCH  SPHERES. 

Temp,  25  G  Relative  Humidity  55  fo. 

2                       Corona  Appears.  Breakdown, 

eras,  KV.  KV. 

2.0  34,0 

4.0  48.75 

6.0  55.7 

8.0  51. as 

10.0  64.0 

12.0  67.0 

14.5  71.5  77.8 

14.7  71.55  77.9 

16.0  71.5  79.5 

20.0  74.5  85.0 

24.0  77.0  95.0 

25.0  77.5  101.0 

28.0  80.5  108.5 

30.0  81.5  110.3 

34.0  82.0  121.25 

38.0  83.0  132.0 

42.0  84,0  145.3 

44.0  84.2  150.5 


Article  VI. 
2"  Spheres, 

The  greatest  difficulty  was  met  when  experimenting  with 
the  two  inch  spheres.     Consistent  results  were  obtained  until  in 
the  neighborhood  of  the  critical  point,  after  the  length  of  the 
spark  gap  had  passed  18  cms.  at  one  time  corona  would  appear,  and 
the  next  time  the  air  would  break  down,  sometimes  at  a  lower  volt- 
age than  that  at  which  corona  appeared.    The  spheres  were  polished, 
the  fan  used  between  trials,  the  voltage  applied  both  slowly  and 
quickly,  but  always  the  same  variable  results  were  obtained.  How- 
ever on  applying  voltage  quickly,  corona  was  obtained  more  often 
than  when  the  voltage  was  applied  slowly. 

After  a  gap  of  28  cms,  had  been  reached  no  further  trouble 
was  experienced  with  the  corona,  but  the  breakdown  voltage  varied 
considerable  throughout  the  test. 

The  discontinuity  occurred  again  at  the  critical  point, 
the  rise  being  7,000  volts.  The  reverse  curve  shows  up  slightly 
starting  at  about  16.4  kilovolts,  but  is  is  not  very  decided. 

The  theoretical  and  observed  critical  points  check  wery 
well  both  occurring  at  20  cms,  and  with  voltages  of  116,7  and  116.2 
kilovolts  respectively.     Plotting  this  point  on  Plate  XI,  it  falls 
about  30,000  volts  above  the  needle  gap  voltage  for  20  cms.  This 
is  rather  peculiar,  since  in  the  caseof  all  other  spheres,  the 
critical  point  corresponded  with  the  needle  gap  curve.    The  cause 
of  this  discrepancy  is  not  known. 
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Ta"ble  #9, 

2  INCH  SPHEIffiS. 

Temp,  25  G.  Rels.tive  Humidity    49  ^. 

X  Corona  Appears,  Breakdown, 

cms,  KV,  iCV. 

2.0  36.5 

4.0  60.0 

5.0  75.0. 

8.0  85.95 

10.0  93.35 

12.0  99.85 

14.0  105.8 

15.0  110.0 

18.0  113.5 

20.0  116.5  122.6 

22.0  118.75  125.25 

24.0  120.5  128.0 

28.0  123.5  132.75 

32.0  127.0  145.0 

35.0  130.25  157.0 

40.0  131.0  165.0 

44.0  135.0  172.3 

48.0  137.5  178.8 

50.0  143.5  183.0 

54.0  145.5  193.0 

55.0  147.0  199.0 
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Article  VII. 
Potential  Gradient, 

In  Table  #10  the  potential  gradients  for  the  critical 
point  of  each  sphere  are  tabulated,  having  been  calculated  by  use 
of  the  fomula  developed.    The  maximum  percent  of  difference  is  1,8  ^ 
and  occurrs  in  the  case  of  the  one  inch  spheres,    A  curve  showing 
the  relation  of  the  maximum  potential  gradient  to  the  diameter  of 
the  spheres  is  given  in  Plate  ZII.     This  curve  shows  that  the  po- 
tential gradient  is  not  a  constant  but  varies  with  the  size  of  the 
sphere.     The  smaller  the  sphere,  the  higher  the  potential  gradient. 

Mr.  Peek  gives  a  curve  that  has  a  similar  shape  to  Plate 
XI  but  the  ordi nates  are  lower.  Take  for  examplie  a  sphere  4  cms. 
in  diameter,  Peeks  curve  gives  about  25,200  volts  per  cm.  for  the 
gradient  while  Plate  XII  gives  27,500  volts  per  cm. 
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Table  #10. 

POTENTIAL  GIUDIEITTS. 

Dean's  Russell's 
Diameter  f .  f .  f .  ^  D±ff. 

of  Spheres.  Obser.  Theor.Obser.  Theor.Obser.  Theor.  Ob.  Theor. 
in.        cms.  volts/cm.        volts/cm.  volts/cm. 

2  5.08  26,100  26,120  26,400  26,420  26,400  26,420  1.14  1.13 

1  2.54  50,700  30,600  30,950  30,800  30,950  30,800  0.81  0.65 

f  1.906  32,350  32,000  32,600  32,150  32,600  32.150  0.77  0.47 

i  1.27  35,300  35,000  35,650  35,000  35,650  35,000  0.98  0.00 

i  0.63  40,200  40,300  40,700  40,600  40,700  40,600  1.22  0.74 
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Article  VIII. 
Tke  Effect  of  Foreign  Materials  In  the  Air  Gap. 

To  study  the  effect  of  materials  of  various  specific 
inductive  capacities  upon  the  corona  and  striking  voltages,  a 
grounded  brass  plate  was  suspended  between  the  terminals.  The 
curve  for  this  is  compared  with  that  of  the  plain  gap,  using  one 
inch  spheres  in  both  cases  in  Plate  XIII. 

The  striking  voltage  with  the  plate  in  the  gap  is  a 
trifle  higher  than  that  of  the  plain  air  gap  up  to  the  critical 
point  at  which  It  jumps  from  77.5  to  113.5  kllovolts  and  then 
follows  the  curve  shown.    The  corona  line  is  higher  than  In  the  cas 
of  the  plane  gap  and  nearly  parallel  to  it. 

When  a  glass  plate  is  substituted  for  the  brass  one, 
the  corona  line  is  lower  but  parallel  to  the  one  for  plain  air. 
The  results  show  that  the  effect  upon  corona  is  greatest  when  the 
distance  between  spheres  is  small  and  that  as  the    distance  is 
Increased  the  distribution  of  the  field  around  the  sphere  becomes 
less  and  less  influenced  by  the  plates  in  the  gap. 

With  the  brass  plate  In  the  gap  and  the  distance  be- 
tween small  the  field  is  concentrated  so  as  to  approach  a  distri- 
bution simlllar  to  that  between  two  plates.    Hence  the  potential 
gradient  will  be  higher  as  was  shown  by  the  tests. 

With  the  glass  plate  the  effect  is  not  very  noticeable 
as  the  size  of  plate  was  small  in  comparison  to  the  length  of  the 
gap.    With  a  plate  large  in  comparison  to  the  gap  the  Indications 
are  that  corona  would  appear  at  much  lower  voltages,  since  the 


field  distribution  would  not  be  concentrated.  The  maximum  poten- 
tial is  then  less  and  corona  would  appear  earlier  as  indicated  by 
the  tests. 
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Table  #11. 


1  INCH 

SPHI]RES. 

GROUNDED  BRASS 

PLATE  IN  GAP. 

GLASS  PLATE 

X 
cms , 

Corona 
Ar^pears, 

Break- 
down. 
27. 

Corona  App 
KV. 

4.0 

49.0 

8.0 

52.0 

12.0 

59.5 

16.0 

73.8 

20.0 

77.0 

21.0 

77.5 

113.5 

S2,0 

78.0 

isa.o 

74.5 

24.0 

79.5 

128.0 

76.0 

26.0 

80.5 

135.0 

76.9 

30.0 

82.5 

138.0 

79.0 

34.0 

84.0 

141.0 

38.0 

86.5 

143.5 

83.0 

42.0 

87.5 

147.0 

84.5 

46.0 

90.0 

86.5 

50.0 

91.0 

88.0 

54.0 

92.0 
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Article  IX. 
General  Discussion, 

Fig.  VII.  shows  the  spark  and  are  after  breaking  down  be- 
tween one  inch  spheres  18.5  cms.  apart  and  83  kilovolts.     The  sharp, 
well  defined  lines  are  the  first  breakdown,  while  the  others  are 
the  arcs  which  follow. 

Fig.  VIII,  shows  the  corona  on  the  same  balls  at  a  lower 
voltage.     It  will  be  noticed  that  the  corona  is  not  uniform  all  over 
the  spheres  but  is  bunched  on  the  gap  side  reducing  the  length  of  th€ 
air  gap.    Referring  to  Fig.  VII  again  it  will  be  noticed  that  the 
spark  jumps  across  the  gap  from  the  tips  of  the  corona  tufts.  Pigs. 
IX.  shows  the  spark  gap  and  apparatus  outlined  in  corona  at  190,000 
volts.     The  corona  on  the  right  side  of  the  picture  is  much  more 
noticeable,  which  was  probably  due  to  the  fact  that  the  walls  were 
closer  to  that  side. 

Mr,  J.  A.  Fleming  gives  a  table  of  spafic  voltages  (maxl- 
mum)  for  brass  spheres  of  2  cms.  diameter.*  In  Plate  XIV.  his  values 
are  compered  with  those  obtained  for  the  3/4"  spheres.     Since  the 
curve  for  the  latter  spheres  is  plotted  with  effective  values,  it  is 
assumed  that  Fleming's  values  are  for  sine  waves  of  e.m.f.  and  the 
effective  values  are  obtained  by  dividing  by  1.41. 

On  inspection  it  is  seen  that  Fleming's  curve  is  just  about 
parallel  to  that  for  the  3/4"  balls  but  has  higher  ordinates.  Since 
his  curve  is  for  2  cms.  balls  and  the  other  for  1.9  cm.  ones,  it  is 
only  natural  that  his  should  be  higher. 

»    Fleming,  J.  A.  -  Principles  of  Electric  Wave  Telegraphy. 


Figure  l/TT 
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The  data  for  the  lower  curvewas  obtained  with  the  45  K.W. 
set  and  since  the  wave  for  this  machine  has  a  higher  maximum  value 
than  a  sine  wave  of  the  same  effective  value  (Fig.  VI.)  it  follows 
that  the  values  obtained  would  be  somewhat  lower  than  if  a  true 
sine  wave  was  used. 

All  the  curves  given  by  Fleming  are  of  the  same  shape  as 
those  given  in  the  figures  in  this  thesis,  but  only  run  for  a  few  mi 
limeters  of  spark  gap,  so  that  they  are  of  no  value  for  comparison 
at  high  voltages. 

Mr.  Peek  gives  the  curvesshowing  corona  and  breakdown 
voltages  for  parallel  conductors,  which  are  of  the  same  general 
shape  as  those  for  spheres  except  that  he  does  not  get  the  reverse 
curve  in  his  spark  line,  which  was  probably  due  to  the  fact  that  he 
did  not  carry  his  voltage  high  enough.* 

♦Peek,  F.  W.  -"The  Law  of  Corona':    American  Institute  of  Electrical 
Engineer  Proceedings.  -  Vol.  XXXI, 
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Conclusion. 

From  observations  during  tests  It  wasfound  that  a  draft 
of  air  does  not  effect  the  voltage  at  which  corona  appears,  but  it 
does  raise  the  disruptive  voltage. 

It  also  was  found  that  the  determination  of  the  critical 
point  was  very  difficult,  it  being  seemingly  effected  by  outside 
influences  about  which  nothing  so  far  is  known. 

For  spheres  up  to  one  inch  in  diameter  it  was  found  that 
needle  points  could  be  substituted  at  the  critical  points  with 
practically  the  same  results.     This  indicated  that  corona  appears 
upon  the  spheres  at  the  same  time  breakdown  would  occur  with  needle 
points  placed  at  the  same  distance  and  under  the  same  pressure. 

When  a  substance  such  as  brass  having  a  low  specific  indue-, 
tlve  capacity  was  placed  in  the  gap  the  potential  gradient  was  in- 
creased.    This  fact  might  be  made  use  of  in  insulating  high  voltage 
transmission  lines. 

In  general  it  was  found  that  the  laws  governing  corona  are 
not  as  yet  well  known  and  that  the  different  authorities  such  as 
Peek,  Fleming  and  others  differ  as  to  the  values  of  maximum  poten- 
tial gradients  for  air  and  that  these  values  are  not  constant  for 
spheres  of  various  sizes. 

In  conclusion  it  seems  that  while  the  methods  used  in  this 
thesis  gave  fairly  consistant  results  there  seems  to  be  some  impor- 
tant law  governing  the  formation  of  corona  about  which  nothing  so 
far  is  known  and  without  which  it  is  impossible  to  tell  just  what 
are  correct  values  for  the  maximum  potential  gradient  of  air. 
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